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Abstract.
We construct a new inflation model in which the standard model Higgs boson couples min-
imally to gravity and acts as the inflaton. Our construction of Higgs inflation incorporates
the standard model with Einstein gravity which exhibits asymptotic safety in the ultraviolet
region. The slow roll condition is satisfied at large field value due to the asymptotically
safe behavior of Higgs self-coupling at high energies. We find that this minimal construc-
tion is highly predictive, and is consistent with both cosmological observations and collider
experiments.
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1 Introduction
The cosmological inflation [1]-[5] is a leading paradigm describing our universe in the pre-
Big-Bang era. Apart from solving a number of conceptual problems of Big-Bang cosmology,
it makes nontrivial predictions on the spectrum of primordial perturbation, which can be
directly compared with observations of cosmological microwave background and large-scale
structures. The inflation is expected to naturally happen at ultra high energies, presumably
around the grand unification (GUT) scale.
The released data of Planck satellite [6] last year and the recent measurement of BI-
CEP2 telescope [7] have generated excitements to test theories of inflation. More data are
upcoming. Indeed, these observations provide important information on the magnitude and
shape of the primordial perturbations through the CMB measurements with impressive ac-
curacy. By measuring the spectral index ns of curvature perturbation, Planck has ruled out
the exactly scale invariant spectrum above 5σ level. For the tensor-to-scalar ratio r , the
Planck result is consistent with r = 0 , while the BICEP2 result points to a larger value of r .
There is currently some tension between the indirect measurement of Planck on r and the
BICEP2 result, unless one assumes a rather large running of the spectral index ns (which
would probably ruin the slow-roll approximation). Meanwhile, the BICEP2 analysis is under
further scrutiny, concerning its foreground contamination and dust subtraction [8–11]. When
adopting different dust models, the current BICEP2 result could be interpreted as either a
large r or a vanishingly small r plus foreground dust contributions [8–10]. Both possibilities
are consistent with the latest Planck measurement on polarized dust emission [11]. Hence, at
this stage, it is prudent to keep open-minded on all possible values of r for theory studies.
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So far the Higgs inflation [12, 13] appears one of the most economical and predictive
candidates among all the proposed theories of inflation. It makes use of the discovered unique
scalar particle — the Higgs boson [14, 15], as the inflaton, and does not assume any new
particle beyond the standard model (SM). Its key ingredient is to include the dimension-
4 nonminimal coupling term ξRH†H between the Ricci scalar R and Higgs doublet H
when combining the SM with Einstein gravity. By taking account of radiative corrections,
the Higgs inflation relates inflation parameters to the masses of Higgs boson and top quark,
which can be compared with both cosmological observations and collider experiments [16].
In particular, the requirement that the Higgs potential to be positive up to the inflation scale
puts a lower bound on Higgs mass mh for a given value of top mass mt , or equivalently,
an upper bound on mt for a given mh . For instance, if we choose mh = 126 GeV, then a
positive Higgs potential requires mt . 171 GeV. On the other hand, the latest measurements
of Higgs mass mh = 125.6±0.2(stat)±0.3(syst) GeV [17] and top mass mt = 173.39+1.12−0.98 GeV
[18],1. together with the recent improved renormalization group analyses, indicate that the
stability of the SM Higgs potential is excluded above 2σ level [21]. The Higgs self-coupling
λ turns negative around 1011 GeV [21], far below the expected inflation scale. This requires
that new physics should enter somewhere below 1011 GeV. It applies to all inflation models
with inflation scale V 1/4 larger than 1012 GeV, including the Higgs inflation. There exist
different ways of extending the SM, with new physics ranging from the TeV scale up to
around 1011 GeV. For instance, we can make a simple extension of Higgs inflation with TeV
scale new physics by adding only two weak-singlets (a real scalar and a vector-quark) with
masses of O(TeV) [22]. Other extensions with new heavy particles at various energy scales
were also studied recently [23].
In this work, we explore a novel possibility that the new physics is provided by quantum
gravity itself, without introducing any new particle beyond the SM. Although a complete
quantum theory of gravity remains uncertain due to the perturbative nonrenormalizability
of Einstein general relativity, there are strong indications that the general relativity may
flow nonperturbatively to a nontrivial ultraviolet (UV) fixed point, a scenario called the
asymptotic safety (AS) as proposed by Weinberg [24], and further developed by many others
[25]. In this scenario, all dimensionless couplings flow to constants in the UV, leading to a
nontrivial conformal field theory (CFT). For our purpose, we will study a new Higgs inflation
1At the present, the most accurate determination of top-quark mass comes from the world combination of
the ATLAS, CMS, CDF and D0 experiments [19], mt = 173.34± 0.27(stat)± 0.71(syst) GeV. This is given by
the best fit to mt as implemented in the respective Monte Carlo (MC) code, and is normally called MC top
mass. This MC mass definition can be converted to a theoretically well-defined short-distance mass definition
with an uncertainty of ∼1 GeV [18], and the resulted pole mass is derived [18], mt = 173.39+1.12−0.98 GeV. The
Snowmass study [20] showed that the upgraded high luminosity LHC can further reduce the error ∆mt down
to 500 MeV, and an e+e− lepton collider (like the ILC) would measure ∆mt to 100 MeV level.
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with AS as the UV completion of the model. In the literature, many applications of the AS
to the SM and cosmology were considered [26]-[30]. These include such as the constraints on
the SM Higgs mass under AS [26, 27], the pure AS inflation without inflaton [28, 29], and
certain conventional inflation models improved by AS [30], etc.
For our study, we will construct a new inflation model implementing the AS scenario,
with the SM Higgs boson acting as the inflaton, which may be called asymptotically safe Higgs
inflation (ASHI). A crucial difference of the ASHI from the conventional Higgs inflation is
that it does not require the nonminimal coupling ξRH†H, and the inflation is driven by
an AS improved Higgs potential. Since no large nonminimal coupling is present, the model
is free from the potential unitarity constraints in the conventional Higgs inflation [31]. An
ingredient of our ASHI is the conjecture suggested by previous studies [26] that the Higgs
self-coupling λ and its beta function βλ approach zero at a transition scale µtr , around
and above which the AS effects become important. Then, the resultant Higgs potential is
uniquely determined by inputting the Higgs and top masses (mh, mt) measured at weak
scale, which is highly predictive. As we will show, the Higgs potential that reproduces the
observed curvature perturbation requires (mh, mt) to lie within a narrow strip, perfectly
consistent with the current collider measurements [17, 18].
2 Asymptotic Safety and Running Couplings
To motivate a Higgs inflation via the AS approach (without nonminimal coupling), we start
with a brief review on the relevant ingredients of the AS. More details are given in the nice
reviews [25] 2. The starting point of AS is a truncated effective action Γ(µ) as a direct
generalization of the Einstein general relativity,
Γ(µ) =
M2P(µ)
2
∫
d4x
√−g [R− 2Λ(µ)]+ · · · , (2.1)
where MP(µ) and Λ(µ) are the running Planck mass and cosmological constant, and the
dots “· · · ” represent gauge-fixing term, ghost term, and possible terms of matter fields.
The scale dependence of running couplings are governed by the beta functions through
dMP(µ)/d lnµ = β(MP ,Λ, · · · ), etc., where the dots denote matter couplings. Here the
β functions can be derived by solving the functional renormalization group equation of the
effective action Γ(µ), and detailed calculations have revealed the existence of UV fixed points
2The existence of UV fixed points for AS was first proposed by S. Weinberg as a conjecture [24]. Since
then, there have been extensive studies on it and accumulating evidences were found in support of the AS [25].
With truncated effective action, it has been shown that the UV fixed point of Einstein-Hilbert action remains
intact after adding higher order operators. So the AS with UV fixed point, though not yet a rigorously proven
fact by mathematics (due to the high nonlinearity of functional RG equations), provides a serious possibility
for the UV completion of general relativity.
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for dimensionless Planck parameter M˜2P(µ) ≡ µ−2M2P(µ), dimensionless cosmological con-
stant Λ˜(µ) ≡ µ−2Λ(µ), and dimensionless matter couplings (when present). The fixed-point
values M˜P* and Λ˜∗ are nonzero, implying a nontrivial interacting CFT in the UV limit.
Hence, there exists a transition scale µtr from the low energy general relativity to a confor-
mal phase [25, 26]. Below µtr the dimensionful Planck mass MP and cosmological constant
Λ remain roughly scale-independent, while above µtr , one gets the power-law running,
MP(µ) ∼ µM˜P* and Λ(µ) ∼ µ2Λ˜∗ . The transition scale for pure gravity sector is somewhat
lower than the conventional Planck scale MP0 ≡ MP(µ= 0) = (8piG)−1/2 ' 2.4×1018 GeV,
and will become model-dependent if matter fields are included.
With the nonperturbative AS scenario, one also obtains similar UV behaviors for matter
couplings [25, 26, 32, 33]. The gravitational contributions to the beta function for a given
matter coupling λj typically takes the form [24, 26],
βgravj (λj) =
aj
8pi
µ2
M2P(µ)
λj , (2.2)
where λj can be Higgs self-coupling, gauge couplings and Yukawa couplings in the SM.
These dimensionless matter couplings exhibit power-law running in general [25, 26]. In the
literature [25, 26, 32, 33] there are various detailed analyses for deriving the coefficients aj
via nonperturbative approaches, which indicate the existence of Gaussian UV fixed points
(λj∗= 0) for the gauge couplings and matter couplings under the AS (though other possible
nontrivial UV fixed points may exist as well). Motivated by the AS scenario and following
the conjecture of Ref. [26], we will choose Gaussian UV fixed points (λj∗= 0) with aj < 0
for our current setup. On the other hand, it is known that for the SM with (mh, mt) '
(126, 173) GeV, the Higgs self-coupling λ reaches zero at a scale µ0  MP , and becomes
negative above µ0 . This is due to the negative contribution of the top-Yukawa coupling to
the SM β-function, which signals instability of the SM Higgs potential [21].
When gravitational and SM β-functions are considered together, it was noted [26] that
the Higgs self-coupling λ and its beta function βλ could remain vanishing once λ reaches
zero, due to a Gaussian UV fixed point induced by the nonperturbative quantum-gravity
corrections of AS. In Ref. [26], such considerations were put in use to predict the SM Higgs
mass in the context of AS scenario, where the AS occurs at the conventional Planck scale
and inflation was not considered. Now, we can identify the recently discovered 126 GeV
particle [14, 15] as the SM Higgs boson. Thus, the scale µ0 at which λ vanishes is around
1011 GeV as derived from the SM two-loop β-functions. So we are led to the conjecture that
the transition scale µtr of AS may be around O(µ0) ∼ 1011 GeV due to the nonperturbative
dynamics of quantum gravity, and both λ(µ) and βλ will remain zero at all scales above
µ0 due to the Gaussian UV fixed point of AS. It is quite possible that the scale of quantum
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Figure 1. Running Higgs self-coupling λ as a function of the energy scale µ , with the asymptotic
safety dynamics setting in at scales µ > µ0 . The (blue, purple, red) curves from bottom to top
correspond to the Higgs mass mh = (125, 126, 127) GeV, respectively. The top quark mass is taken
to be mt = 173.3 GeV.
gravity may appear much below the Planck scale, as it does in many well-motivated extra
dimensional models. For physical applications, the collider phenomenology of TeV scale
AS scenario was studied before [34] and recently in the context of spontaneous dimensional
reduction [36]. Under the conjecture that λ and βλ approach zero at and above µ0 due
to the UV fixed point induced by the AS dynamics, it follows directly that the transition
scale µtr and Higgs mass mh are correlated through the requirement of µtr = O(µ0). In
fact, for scales µ < µ0 ∼ 1011 GeV, the nonperturbative quantum gravity contribution (2.2)
to βλ can be safely neglected, and thus µ0 is fully determined by (mh, mt) and the SM
β-functions. (Hence, for our practical analysis, except the existence of the UV fixed point at
the scale µtr via gravity-induced β-function (2.2), our study does not rely on any detail of
solving functional RG equations of AS at scales above µtr .)
In Fig. 1, we present the two-loop running of Higgs self-coupling λ(µ) to illustrate the
transition from the conventional SM running behavior at low energies up to the phase of
vanishing λ . The renormalization group equations for such running coincide with that of
the SM for the scales µ < µtr , which we summarize in Appendix A. As a first approximation
for phenomenological studies, we model this transition to happen abruptly at the scale µ0 .
One may improve this approximation by considering a more elaborated model dealing with
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the detailed nonperturbative dynamics of AS, but for our present purpose of demonstration
it is enough to take the abrupt transition. In Fig. 1, the three curves from bottom to top
correspond to the Higgs mass mh = (125, 126, 127) GeV, respectively. We also input the
top quark mass mt = 173.3 GeV. For practical analysis, we will take µtr = Cµ0 , with the
dimensionless ratio C = O(1). It is reasonable to conjecture [26][32] that all the matter
couplings (Higgs self-coupling, gauge couplings, Yukawa couplings) become vanishingly small
around the transition scale µtr , according to the discussions above. We will not illustrate
the quantitative running behavior of gauge and Yukawa couplings here, since these technical
details are not needed for our following analysis of Higgs inflation.
3 Asymptotically Safe Higgs Inflation
In this section, applying the asymptotical safety scenario discussed in Sec. 2, we construct
a new Higgs inflation model which minimally couples Higgs boson to the Einstein gravity.
For convenience, we may denote this as asymptotically safe Higgs inflation (ASHI). Our
model requires no new particles beyond the SM, except a well-motivated conjecture that
the Einstein gravity exhibits asymptotic safety [24, 25], under which the running Higgs self-
coupling λ behaves as in Fig. 1 and other matter couplings approach zero around and above
the transition scale µtr ∼ µ0 [26, 32].
The standard Friedmann-Robertson-Walker (FRW) cosmology remains unchanged in
the AS scenario except that the Planck mass becomes scale-dependent,
M2P(µ) = M
2
P0
(
1 +
µ2
µ2tr
)
, (3.1)
where MP0 = (8piG)
−1/2 ' 2.4×1018 GeV is the conventional reduced Planck mass. When
applying the formula (3.1) to cosmology, one needs to properly choose the scale µ . A rea-
sonable choice of this scale should be such that the corrections from both radiative correction
and higher dimensional operators are controllably small. To find the optimal choice for µ ,
we first note that the one-loop corrections to the Higgs potential take the form,
∆V =
∑
j
zjM
4
j
16pi2
log
M2j
µ2
, (3.2)
where the sum is taken over all SM fields interacting with the Higgs field h , the parameters
{zj} are O(1) coefficients, and {Mj} are effective masses of the fields running in the internal
loop. The effective mass Mj depends on the background Higgs field h and background
spacetime curvature R ∼ H2 . So it takes the following form,
M2j = O(λj)h2 +O(1)H2 , (3.3)
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where λj is the coupling of the internal field with h, and H is the Hubble parameter.
In the conventional Higgs inflation, matter couplings are roughly of O(1), and the
background Higgs field h is much larger than the Hubble parameter H during the inflation.
Thus, to minimize radiative corrections (3.2) for the Higgs potential, it is natural to choose
µ = h .3 But, in the present case of ASHI, all matter couplings λj become vanishingly
small around the scale µ0 (due to the Gaussian UV fixed point), as explained in Section 2.
Thus, on the right-hand-side of (3.3), the second term dominates over the first term during
inflation. As a result, we should choose µ = H instead.
Besides, we further check the contributions from possible higher dimensional operators
and make sure that they are also sufficiently suppressed, since these operators are expected to
appear due to the effect of AS. The contributions to the effective action from such AS-induced
higher dimensional operators could take the form,
∆Γ =
∑
n>2
wn
µ
2(n−2)
tr
Rn , (3.4)
where {wn} ∼ O(1) are dimensionless coefficients, and for notational simplicity we use Rn
to generically denote all possible contractions among n factors of Riemann curvature tensor
Rµνρσ . During the inflation, we have R ∼ H2 and H < µ0 , as will be shown below.
Recalling that µtr = Cµ0 with C = O(1) , we can thus estimate the contributions of higher
dimensional operators to be O(H2n/µ2(n−2)0 ) . O(H4) . This should be compared with the
leading term in the gravitational sector, namely the Einstein-Hilbert action, M2P(H)R ∼
M2P0H2. Hence, it is clear that these higher order contributions can be safely neglected due
to H2  M2P0 . We also note that there could be higher dimensional operators containing
matter fields in addition to gravitational field. Contributions of such operators are suppressed
by the approximate shift symmetry of the effective Lagrangian, as in all sensible large field
inflation models. In our case, the shift symmetry may be a low energy consequence of local
conformal symmetry at the UV fixed point.
So far we have justified the natural choice of the renormalization scale µ = H . Then,
we can perform the inflationary analysis for the ASHI model in a straightforward way. The
standard slow roll paradigm will apply directly, where the first two slow-roll parameters are
given as follows,
 = 12M
2
P(H)(V ′/V )2, η = M2P(H)V ′′/V , (3.5)
3In the conventional Higgs inflation, due to the presence of nonminimal coupling term ξRH†H , two
different approaches exist [16]: one is in Jordan frame, and the other is in Einstein frame (which has the
nonminimal coupling term transformed away). The choice µ = h is taken for the Jordan frame analysis,
while in Einstein frame one chooses µ = h/Ω instead, where Ω is the Weyl factor that brings the spacetime
metric from Jordan frame to Einstein frame.
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Figure 2. Higgs potential V = V (h) with slow-roll approximation at large h . The (blue, purple, red)
curves from bottom to top correspond to Higgs mass mh = (125, 126, 127) GeV, respectively. The
top mass is taken to be mt = 173.3 GeV.
where V = 14 λ(H)h4 is the Higgs potential in the unbroken phase of electroweak symmetry,
and its derivatives are defined by V ′ ≡ ∂V/∂h and V ′′ ≡ ∂2V/∂h2 . The slow-roll condition
is as usual, namely,  < 1 and |η| < 1 . Even before doing a detailed calculation, we can
immediately realize a plateau-like behavior of V at large h . In fact, the sliding scale, namely
the Hubble parameter H , increases monotonically with h . On the other hand, the running
coupling λ(H) decreases monotonically with H for H < µ0 . Thus, we have two competing
factors: the h4 drives V upwards, while λ(H) drives V downwards. This competition
must end in a tie, since H can never exceed µ0 [otherwise λ would vanish and drive H to
very small values, cf. Eq. (3.6) below]. The scalar potential V should keep increasing with
h , but be fairly flat when h becomes large.
The above analysis shows that there must be a region with large h where the slow-
roll approximation holds. Let us focus on this case, and we have the simplified Friedmann
equation,
3M2P(H)H2 = V = 14 λ(H)h4 . (3.6)
Below the transition scale µtr , we can use the two-loop SM β-functions to derive the running
behavior of λ(H) as shown in Fig. 1. Thus, we can solve the Hubble parameter H = H(h)
from Eq. (3.6) as a function of Higgs field h , and substitute it into the potential V , which
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Figure 3. Predictions of top mass mt and Higgs mass mh by the asymptotically safe Higgs inflation
(ASHI). The green strip shows the range consistent with cosmological data, while the orange and
yellow regions depict the current constraints on (mh, mt) by the collider experiments at 1σ and 2σ
confidence levels, respectively.
then becomes V = 14 λ
(H(h))h4 , or equivalently, V = 3M2P(H(h))H2(h) . With these, we
can plot the inflation potential V in Fig. 2 with different choices of Higgs mass mh . As we
see, Fig. 2 demonstrates that the potential is extremely flat when h & 1016 GeV.
With this inflation potential, we can perform standard calculation of slow-roll param-
eters. There is one free parameter in our model, namely, the ratio C = µtr/µ0 , which is
of O(1) . We find that the model fits the data well for C & 1 . The end of the inflation
is indicated in our case by |η| = 1 . Then, taking the number of e-folding Ne = 50 − 60
for the inflation, we can derive the slow-roll parameters at the beginning of the observable
inflation. These include the amplitude V/ , the scalar spectral index ns = 1− 6+ 2η , and
the tensor-to-scalar ratio r = 16  .
In our model, the height of the inflation potential, and thus the amplitude of the cur-
vature perturbation, is rather sensitive to initial values of mh and mt , as can be seen from
Fig. 2. Hence, this puts a nontrivial constraint on the range of (mh, mt) to fit the observed
value of (V/)1/4 by Planck satellite, which is (V/)1/4 =
(
0.0270+0.0010−0.0009
)
MP at 2σ level [37].
In Fig. 3, we present this constraint in the plane of (mh, mt). The green strip represents
the viable parameter region allowed by Planck data at 2σ level, and with the variation of e-
foldings within Ne = 50−60 . In the same plot, we further display the current constraints on
(mh, mt) by the collider experiments [17, 19], at 1σ (orange) and 2σ (yellow) confidence
– 10 –
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Figure 4. Predictions of asymptotically safe Higgs inflation (ASHI) on the spectral index ns and
tensor-to-scalar ratio r . The yellow dots represent predictions of the ASHI with the ratio C =
µtr/µ0 = 1, 1.2, 1.4, · · · , 10, from left to right with step-width ∆C = 0.2 . The red and blue shaded
regions are observed limits at 68%C.L. and 95%C.L., taken from Fig. 13 of Ref. [7]. The green region
is taken from Fig. 1 of Ref. [9], in which the amplitude of dust polarization is not assumed a priori.
levels, respectively. In this plot, we take a sample input C = 2 for demonstration. It is
evident that the ASHI model fits well with both the Planck data and collider measurements.
On the other hand, we find that the prediction of (ns, r) is not sensitive to the initial
values of Higgs and top masses at weak scale. Hence, we take the sample inputs (mh, mt) =
(125.6, 173.0) GeV, and set the number of e-folding Ne = 50 . We present our predictions
of (ns, r) in Fig. 4. In this plot, we vary the scale ratio C = µtr/µ0 over the range of
C = 1− 10 with a step-width ∆C = 0.2 . We have derived the predictions for the spectral
index ns , which ranges from ns = 0.935 (for C = 1 ) to ns = 0.967 (for C = 10 ). We
deduce the predicted tensor-to-scalar ratio r = O(10−7) in all cases. These predictions are
depicted by the yellow dots in Fig. 4. We see that the predicted value of ns increases quickly
for C & 1 , and converges effectively around r = 0.967 when C > 6 .
For comparison, we further present constraints from cosmological observations in the
same Fig. 4. The red and blue contours are taken from Ref. [7], showing the measurements of
(ns, r) at k = 0.002 Mpc
−1. The green contours are taken from Ref. [9], where no assumption
on the amplitude of foreground dust polarization is made, except for its scaling behavior.
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When the dust amplitude is allowed to vary, the analysis of Ref. [9] shows that the joint fit to
Planck, WMAP and BICEP2 is consistent with r = 0 . It should be noted that the analysis
of Ref. [9] was done at k = 0.05 Mpc−1. Hence, one should not compare this result (green
contours) directly with that of Planck (red contours). Nevertheless, we present them in the
same plot to show that our model with C & 1 can provide a successful inflation and fit well
with the current measurements. The upcoming data from Planck, Keck Array and other B-
mode measurements will further pin down the issue of potential foreground contamination,
and thus provide more effective tests on the ASHI model.
It is also useful to compare the inflation predictions of our ASHI model with that of
related inflation models, including the conventional Higgs inflation with large non-minimal
coupling [12], and Starobinsky inflation with R + R2 type action for gravity [1, 35]. It
is known that Starobinsky inflation and conventional Higgs inflation have practically the
same potential at large field values in Einstein frame, and thus lead to the same predictions
for (ns, r). In particular, because of the exponentially flat potential during inflation, they
predict the tensor-to-scalar ratio r = O(10−3) . On the other hand, our ASHI model has
much flatter inflation potential than Starobinsky inflation and conventional Higgs inflation,
so the energy scale of inflation is also lower. In consequence, our prediction of r = O(10−7)
is smaller. Furthermore, as reviewed in Sec. 1, the conventional Higgs inflation puts tight
constraint on the Higgs mass mh and top quark mass mt from the requirement of stable
inflation potential. This constraint pushes the required (mh, mt) values beyond their 2σ
bounds by the current collider data [17–19]. On the other hand, to generate the correct
amplitude of CMB anisotropy, our ASHI model also puts nontrivial constraints on (mh, mt),
which fully agree with the current collider measurements within about 1 standard deviation,
as shown in Fig. 3.
4 Conclusions
Higgs inflation is one of the most economical and predictive approaches to the cosmological
inflation paradigm, which provides initial conditions for our universe before starting the Big
Bang.
The conventional Higgs inflation [12, 13] makes use of the nonminimal coupling of the
SM Higgs boson with Einstein general relativity. In this work, we constructed a new model
of asymptotically safe Higgs inflation (ASHI) which minimally couples the SM Higgs boson
to Einstein gravity and has the Higgs boson act as the inflaton. Our conjecture for the
ASHI is that the Einstein gravity will exhibit asymptotic safety (AS) [24, 25] in the UV
region, which may appear at a relatively low scale µtr ∼ 1011 GeV, around which all matter
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couplings become effectively zero (due to the Gaussian UV fixed points) [26, 32, 33]. In this
case, the new physics is provided by quantum gravity itself. With these, we can achieve
a fairly flat Higgs potential at the inflation scale under the impact of AS property on the
running of Higgs self-coupling (Figs. 1−2). We demonstrated that the model can produce
correct amount of inflation, and agrees well with both the collider measurements on Higgs
and top masses (Fig. 3), and the cosmological observations (Fig. 4). The inflation ends when
the Higgs potential becomes steep enough, with which the energy goes down, and all matter
couplings increase promptly from zero to the SM values. Thus, an efficient reheating process
can successfully take place, driving the universe into the Big Bang era.
Acknowledgements
We thank John R. Ellis, Yun-Long Lian, Michelangelo Mangano, Anupam Mazumdar, and
Christoph Rahmede for useful discussions. This work was supported by National NSF of
China (under grants 11275101, 11135003) and National Basic Research Program (under grant
2010CB833000).
A Two-Loop Renormalization Group Equations for ASHI
In this appendix, we summarize the renormalization group equations used in our analysis of
running couplings. For our ASHI model, we have three gauge couplings (gs, g, g
′) for the SM
gauge group SU(3)C⊗SU(2)L⊗U(1)Y , the Higgs coupling λ for the Higgs potential, and the
Yukawa coupling yt of top quark. (The other light fermion Yukawa couplings are negligible
for our present analysis.) These couplings satisfy the renormalization group equations as
follows,
dY
d lnµ
= βY (gj , λ, yt) , (A.1)
where Y denotes one of the couplings shown above. For the sake of our ASHI analysis,
we give all relevant β-functions up to two-loop level, as required for computing the Higgs
potential V (h) .
These beta functions coincide with that of the SM below the transition scale µtr . Thus,
we have the following renormalization group equations [38],
βgs =
g3s
(4pi)2
(−7) + g
3
s
(4pi)4
(
11
6
g′2 +
9
2
g2 − 26g2s − 2y2t
)
, (A.2)
βg =
g3
(4pi)2
(
− 19
6
)
+
g3
(4pi)4
(
3
2
g′2 +
35
6
g2 + 12g2s −
3
2
y2t
)
, (A.3)
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βg′ =
g′3
(4pi)2
41
6
+
g′3
(4pi)4
(
199
18
g′2 +
9
2
g2 +
44
3
g2s −
17
6
y2t
)
, (A.4)
βλ =
1
(4pi)2
[
24λ2 − 6y4t +
3
8
(
2g4 + (g2 + g′2)2
)
+ λ(−9g2 − 3g′2 + 12y2t )
]
+
1
(4pi)4
{
1
48
(
915g6 − 289g4g′2 − 559g2g′4 − 379g′6
)
+ 30y6t − y4t
(
8
3
g′2 + 32g2s + 3λ
)
+ λ
(
− 73
8
g4 +
39
4
g2g′2 +
629
24
g′4 + 108g2λ+ 36g′2λ− 312λ2
)
+ y2t
[
− 9
4
g4 +
21
2
g2g′2 − 19
4
g′4 + λ
(
45
2
g2 +
85
6
g′2 + 80g2s − 144λ
)]}
, (A.5)
βyt =
yt
(4pi)2
[
− 9
4
g2 − 17
12
g′2 − 8g2s +
9
2
y2t
]
+
yt
(4pi)4
[
− 23
4
g4 − 3
4
g2g′2 +
1187
216
g′4 + 9g2g2s +
19
9
g′2g2s − 108g4s
+ y2t
(
225
16
g2 +
131
16
g′2 + 36g2s
)
+ 6
(−2y4t − 2y2t λ+ λ2)]. (A.6)
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